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(54) Device and method for cooling portions of thermoplastic sheet

(57) A device for cooling portions of a thermoplastic
sheet in a heating station (1), this latter of the type in-
cluding at least an upper heating panel (2), at least a
lower heating panel (3) and transfer means having at
least a couple of clamping means (4) having adjustable
distance and fit for supporting the longitudinal edges of
the sheet (5).
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The device (10) includes front cooling means, upper
(14) and lower (15), and back cooling means, upper (12)
and lower (13). The distance between the cooling
means front (14, 15) and back (12, 13) is defined in ad-
justable way by longitudinal adjustment members (18)
which locate said cooling means front (14, 15) and back
(12, 13) against the transversal edges of the sheet (5)
to cool these latter avoiding their softening.
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Description

[0001] The present invention relates to technical field
of thermoforming by pressure differences band sheets
or plates of thermoplastic material.

[0002] Particularly the invention refers to a device for
cooling portions of a thermoplastic sheet and related
method for cooling in order to avoid the softening of said
portions during the warm up in heating stations.

[0003] In the machine for thermoforming by pressure
difference, a die permanently deforms a plate made of
thermoplastic material softened by a set of heating sta-
tions. In the heating stations, the longitudinal edges of
the plate are fixed to pliers or other elements of transport
and support means of the plate. In correspondence of
the softening, this latter buckles due to its own weight,
forming a kind of depression whose bending extends to
the transversal edges of the plate.

[0004] There are known means assembled in the
heating stations consisting of rods or grids for support-
ing the softened or plasticized plate, in order to limit the
bending of this latter and its transversal edges.

[0005] The main drawback of the known rods or grids
consists in that they do not support the softened plate
in correspondence of the movement of this latter from
the heating station to the moulding station and thus can-
not avoid the bending of the transversal edges of the
plate. This last bending can cause dangerous irregular-
ities and imperfection in the moulding.

[0006] A furtherdrawback of the known rods and grids
consists in that they allow the bending of the plate sur-
face approximately festoon or quilt shaped up to the
transversal edges so endangering the homogeneity and
the regularity of the moulding.

The main object of the present invention is to propose
a device and a method for cooling portions of the ther-
moplastic plate without buckling in correspondence of
the moulding or the forming and, therefore, fit to avoid
the softening and the bending at least of the transversal
edges of the thermoplastic plate.

[0007] A further object is to propose a device and a
method fit to limit the bending of the surface of the plate
preventing the softening of the plate middle portions,
which cannot be deformed by the mould.

[0008] Otherobjectis to propose an economically ad-
vantageous device, reliable and having a simple main-
tenance.

[0009] The above-mentioned object are achieved ac-
cording with the content of the claims.

[0010] The characteristics of the presentinvention are
underlined in the following with particular reference to
the attached drawings, in which:

- figure 1 shows a schematic side view of the device
object of the present invention, in an assembling
condition in a heating station, in which some parts
have been removed for better underlining other
ones;
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- figure 2 shows a schematic section view according
to plain Il - 1l of the figure 1 device, in which some
parts have been removed for better underlining oth-
er ones and in which upper cooling means are
shown removed from clamping means for a better
intelligibility;

- figure 3 shows a plant view of the figure 1 device in
which parts have been removed for better underlin-
ing other ones;

- figure 4A shows a partial enlarged front view of the
figure 2 device;

- figure 4B shows a partial enlarged front view of the
of figure 2 device;

- figures 5 - 10 show section view respectively ac-
cording to plane V-V, VI-VI, VII-VII of figure 4A and
VII-VIII, IX-1X and X-X of figure 4B;

- figure 11 shows an enlarged plan view of the figure
4A element in a maximum width condition in which
some parts have been removed for better underlin-
ing other ones;

- figures 12 and 13 show respectively side and plant
views of a variant of the device object of the present
invention in which parts have been removed for bet-
ter underlining other ones.

[0011] With reference to figure 1, numeral 1 indicates
a heating station for conditioning and/or preheating and/
or heating up to the softening temperature at which there
is the softening of a sheet 5 to be thermoformed by
means of a thermoforming station working by pressure
differences, positioned downstream the heating station
and not shown.

[0012] The heating station 1 includes a support struc-
ture 50, an upper heating panel 2 and a lower heating
panel 3. The upper panel 2 is positioned in the upper
part of the structure 50 while the lower panel 3 is verti-
cally moved. The two panels 2, 3 are, for instance, of
modular type having series of infrared irradiative ele-
ments. The heating panels upper 2 and lower 3, heat
the sheet 5, interposed between them, by irradiating the
sheet upper and lower surfaces with infrared radiation
produced by the irradiative elements.

[0013] The sheet 5 is interposed between the panels
upper 2 and lower 3 by transfer means having at least
a couple of clamping means 4 consisting of, for instance,
in pliers with longitudinal jaws for supporting the longi-
tudinal edges of the sheet 5. The distance between the
clamping means 4 is adjustable to allow the transport
and the support of sheets 5 having different width.
[0014] The numeral 10 indicates the device object of
the presentinvention shown in an installation or assem-
bling condition to the heating station 1.

[0015] The device 10includes cooling means front 14,
15 and back 12, 13 fit to mate the transversal edges,
front and back, of the sheet 5 in order to screen these
latter from the infrared radiation of the panels 2, 3 and
to cool them in such a way to avoid their softening.
[0016] The cooling means 12 and 14, also named up-
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per cooling means, screen the upper transversal edges
of the sheet 5 from the upper panel 2.

[0017] The coolingmeans 13 and 15, also named low-
er cooling means, screen the lower transversal edges
of the sheet 5 from the lower panel 3.

[0018] The screening is carried out by the cooling
means 12, 13, 14 and 15 which, interposing between
the panels 2, 3 and the surfaces of the transversal edges
of the sheet 5, shade these latter from the infrared radi-
ation emitted by the panels 2, 3. The cooling is produced
by means of circulation of cooling fluid, for instance wa-
ter, in ducts 33 that pass through the cooling means 12,
13, 14 and 15. The ducts 33 can be, for instance, with
open circuit or closed circuit including circulation pumps
and cooling thermal exchanger.

[0019] The reciprocal distance between the cooling
means front 14, 15, and back 12 and 13 is defined in
adjustable way by longitudinal adjustment members 18
to allow the cooling means to match the transversal edg-
es of sheets 5 with different length.

[0020] With reference to figures 2 - 10, the cooling
means upper 12, 14 and lower 13, 15 are respectively
associated to adjustment means upper 16 and lower 17
of the longitudinal adjustment members 18.

[0021] The structure 50 of the station 1 rigidly sup-
ports the upper adjustment means 16 and the lower pan-
el 3 supports the lower adjustment means 17. There-
fore, the upper cooling means 12, 14 are fixed while
those lower 13, 15 are vertically movable accordingly to
the lower panel 3 that, after the softening of the sheet
5, descend for avoiding interferences of the portions
bent toward the lower part of the sheet 5, during the
transfer of this latter into the moulding station.

[0022] Each adjustment upper 16 and lower 17 mean
includes a motor 20 for driving two longitudinal threaded
shafts 21. The motor 20, for instance of electric type with
reduction gear, is coupled to one of the two longitudinal
shafts 21 which transmit the motion to the other longi-
tudinal shaft 21, through a transversal shaft 22. The con-
nection between the longitudinal shafts 21 and the
transversal shaft 22 is carried out for instance, by means
of a bevel gear pair. Each longitudinal shaft 21 has two
threaded portions, for instance right-hand the front por-
tion and left-hand the back portion or vice versa, which
engage respective female elements 23 fixed to the ends
of support crosspieces 24, each supporting one of the
cooling means upper 12, 14 or lower 13, 15. Then the
operation of the motors 20 cause the cooling means 12,
13, 14 and 15 moving away or near to the middle portion
of the device.

[0023] It is also provided that the shafts can have a
single threaded portion for moving only the cooling
means, front 12 or back 13.

[0024] To guarantee the correspondence between the
cooling means upper 12, 14 and lower 13, 15 the longi-
tudinal adjustment members 18 include control means
39 of the driving of the motors 20, for instance of ana-
logical or digital electronic type. The control means 39
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are connected, through signal lines of known type and
not shown, to measure means 38, for instance consist-
ing of potentiometers or encoders, connected to the lon-
gitudinal shafts 21 for sensing the position of the cooling
means upper 12, 14 and lower 13, 15 and for transmit-
ting related signals to the control means 39, which op-
erate the motors 20 in order to position the cooling
means front 14, 15 and back 12, 13 at a predefined re-
ciprocal distance corresponding to the sheet 5 length.
[0025] Each cooling mean upper 12, 14 or lower 13,
15 includes a central element 25 and two side elements
26 aligned and transversally sliding against a vertical
face of the central element 25. The approach or the sep-
aration of the two side elements 26 allows to fit the width
of each cooling mean 12, 13, 14, 15 to the sheet 5 width.
[0026] Each upper cooling mean 14 includes elastic
means 27, for instance consisting of two compressed
springs, each having an end rigidly connected to the
central element 25 and the other end mating the respec-
tive side element 26, said elastic means being fit to
transmit a repulsive force to the side elements 26 that
consequently are in a position of maximum reciprocal
distance.

[0027] Each opposed ends, or each external ends, of
the side elements 26 of each upper cooling mean 12,
14 has a rolling mean 28 consisting, for instance, in a
wheel fit to match the clamping means 4. In correspond-
ence of the transfer of the sheet 5 into the device 10,
the front ends of the clamping means 4 mate the rolling
means 28 which cause the approach of the side ele-
ments 26 so automatically obtaining the fitting of the up-
per cooling means 12, 14 to the sheet 5 width.

[0028] The side elements 26 of each lower cooling
mean 13, 15 have a respective nut screw mean 29 en-
gaged by a threaded portion respectively right-hand and
left-hand, of a rod 30 for the adjustment of the lower
cooling mean 13, 15 width. The rotation of the rod 30
can be made, for instance, by means of a manual crank
or an electric motor.

[0029] Inorderto avoid that, in correspondence of the
sheet 5 transfer in the device 10, the front edge of the
this latter stops against the upper cooling means 12, 14,
the back and lower portions of these latter have a cham-
fered bevel 31.

[0030] The reciprocally facing surfaces 32 of the up-
per cooling devices 12, 14 have slanted portions with
respect to a transversal plane. This slanted geometry of
the surfaces 32 avoids the screening, carried out by the
cooling means 14, 15, of the portions of sheet 5 adjacent
to the front edges of this last allowing the infrared irra-
diation of the sheet also from the more external trans-
versal portions of the panels 2, 3.

[0031] Each duct 33 extends inside the crosspieces
24 and along inner channel 37 of each central element
25 and side element 26 interconnected by flexible pipes
34, which allow relative motions between the elements
25, 26 and guarantee the flow continuity between the
ducts 37.
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[0032] The device 10 further includes a set of inter-
mediate cooling means 36 slidably connected to two
guides 35 fix to the lower panel 3. In correspondence of
the lifting of this latter, the intermediate cooling means
36 match transversal portions of the sheet 5 which can-
not be buckled during the moulding in the thermoforming
station. The intermediate cooling means 36 have ducts
33 for the circulation of a cooling fluid. Thus the inter-
mediate cooling means 36 avoid or reduce the softening
of said transversal portions of the sheet 5 by virtue of
the screening of the lower panel 3 and the cooling of
said portions reducing the bending of the sheet 5 sur-
face.

[0033] One of the two guides 35 can be rack shaped
at bottom to allow longitudinally moving each interme-
diate cooling means 36 by operating, manually by
means of a crank or an electric motor, a gearwheel
hinged to the related intermediate cooling mean 36 and
engaged to the rack of the guide 35. The lower portion
of the guides 35 can be slidably connected with clear-
ance to "L" shaped arms of the lower cooling means 13,
15 in order to avoid these latter transmitting upwards
excessive stresses to the longitudinal shafts 21 and dis-
charging said stresses to the guides 35, through the
shaped arms.

[0034] Obviously itis also provided that the device 10
cannot include the intermediate cooling means 36.
[0035] The device 10 further includes a safety net 6,
for instance made of stainless steel, supported by a first
frame 40 removably fixed to the lower heating panel 3.
The net 6 is superimposed to the irradiative elements of
the lower heating panel 3 to protect this latter and the
related elements, from straining and drippings of the
sheet or plate that may happen for operational errors,
imperfection of the plate material or a machine malfunc-
tion.

[0036] The operation provides that the transfer means
insert the sheet 5 into the heating station 1 and, thus,
into the device 10 in a lowered condition of the lower
panel 3 and therefore of the cooling means lower 13, 15
and intermediate 36, which are raised together with the
related panel 3 mating the corresponding portions of the
lower side of the sheet 5 in heating position. In corre-
spondence of this last position of the sheet 5, the upper
surfaces of the transversal edges of the sheet 5 match
the upper cooling means 12, 14. At the end of the heat-
ing process, executed by the panels 2, 3, the sheet 5 is
transferred in the thermoforming station, in which the
edges of the sheet 5 and the cooled middle transversal
portions, substantially not bent and coplanar, are fit to
mate coplanar elements of the thermoforming station.
[0037] The adjustment of the reciprocal distance of
the cooling devices front 14, 15 and back 12, 13 is made
by setting, for instance through an user interface or an-
alogical controls, the length of the sheet 5 in the control
means 39 or manually operating the activation of the
motors 20.

[0038] The width adjustment of the lower cooling
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means 13, 15 is made manually acting on the crank of
the rod 30 or operating the related motor. The position-
ing of the intermediate cooling means 36 along the
guides 35 is manually or electrically made.

[0039] The variant of the device shown in figures 12
and 13 provides that the lower heating panel 3 is dis-
connected from the cooling means lower 13, 15 and in-
termediate 36. In said variant the cooling means lower
13, 15 and intermediate 36, the lower adjustment means
17, the first frame 40 and the guides 35 are supported
by a second frame 60. This latter is fixed to the structure
50 by means of a couple of linear actuators 61 for in-
stance consisting of pneumatic cylinders for moving the
second frame 60.

[0040] Each end of the transversal sides of the sec-
ond frame 60 has a vertical rack 66 engaged by respec-
tive pinion 65. The two pinion gears 65 related to each
transversal side of the second frame 60 are fixed to an
axis 64 rotatably supported by the structure 50.

[0041] The two axis 64 are interconnected by means
of bevel gear pairs and a connection axis 67.

[0042] A longitudinal side of the first frame 40 is
hinged at the bottom to the second frame 60. The op-
posite side of the first frame 40 has locking means 63
which can be manually blocked and released by the low-
er portion of the second frame 60.

[0043] A wall 68, for instance made of stainless steel
reflecting the infrared radiation, extends at least inside
the second frame 60 forming with this latter an inter-
space 69 inside which there is a piping 70 in which cool-
ing liquid circulates.

[0044] The operation of the device according to said
variant provided that, during the usual operation cycles,
the lower heating panel 3 and the second frame 60 move
almost in synchronism.

[0045] The vertical movement of the second frame 60
is executed by the linear actuators 61 and is driven by
the coupling between the racks 66 and the related pinion
gears 65. In fact these last are forced by the axis 64 and
67 to rotate in synchronism imposing the same motion
to the racks 66, which therefore keep horizontal the sec-
ond frame 60.

[0046] In case of emergency, for instance in presence
of sheets or plates 5 of faulty material or in presence of
machine failure, the lower panel 3 can be lowered and
translated while the lower cooling means 13, 15 and
eventually the net 6 of the first frame 40 support the plate
5 or its melted material.

[0047] The locking means 63 make possible the ac-
cess to the net 6 of the first frame 40, allowing the rota-
tion of the frame around its hinge axis to remove the
possible melted fragments of the plate 5. The purpose
of the wall 68 is to screen the infrared radiation of the
lower panel 3 to protect the second frame 60, which is
besides cooled by the circulation of cooling liquid in the
piping 70.

[0048] The method for cooling portions of a thermo-
plastic sheet in a heating station 1 provide:
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- to position the cooling means 12, 13, 14 and 15
against the upper and lower surface of the front and
back edges of the sheet 5 to screen said surfaces
with respect to the heating panels upper 2 and lower
3

- to cool said surfaces upper and lower of the a front
and back edges of the sheet 5 by means of circula-
tion of a cooling fluid in the ducts 33 of the cooling
means 12, 13, 14 and 15;

- to allow the heating panels upper 2 and lower 3 ir-
radiating the surfaces adjacent to said front and
back edges of a sheet 5, through cooling means
front 14, 15 and back 12, 13, whose surfaces 32
reciprocally facing have slanted portions with re-
spect to a transversal plan.

[0049] The method further provide:

- toscreen with respect to the lower panel 3 the lower
surfaces of middle transversal portions of the sheet
5 through intermediate cooling means 36;

- to cool said middle portions through circulation of
cooling fluid in ducts 33 of the intermediate cooling
means 36.

[0050] The main advantage of the present invention
is to provide a device and a method for cooling portions
of the thermoplastic plate, which cannot be buckled in
correspondence of the moulding and, therefore, for pre-
venting the softening and the bending at least of the
transversal edges of the thermoplastic plate.

[0051] Further advantage is that to provide a device
and a method fit to reduce the bending of the plate sur-
face, avoiding the softening of middle portions of the
plate, which cannot be buckled by the mould. Other ad-
vantage is to provide a device economically advanta-
geous, reliable and having a simple maintenance.

Claims

1. Device for cooling portions of thermoplastic sheet
(5) in a heating station (1), this latter including at
least an upper heating panel (2), at least a lower
heating panel (3) and transfer means having at least
a couple of clamping means (4) having adjustable
distance for the support of the longitudinal edges of
the sheet (5); said device (10) being characterized
in that include front cooling means, upper (14) and
lower (15), and back cooling means, upper (12) and
lower (13), whose distance is determined in adjust-
able way by adjustment members (18) which mate
said cooling means front (14, 15) and back (12, 13)
against the transversal edges of the sheet (5) to
cool these latter avoiding their softening.

2. Device according to claim 1 characterized in that
the cooling means, front (14, 15) and back (12, 13),
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10.

11.

12.

include respective ducts (33) for the circulation of a
cooling fluid.

Device according to claim 1 or 2 characterized in
that the cooling means, upper (14, 12) and lower
(13, 15), are respectively fixed to adjustment
means, upper (16) and lower (17), of the adjustment
members (18).

Device according to claim 3 characterized in that
further include a first frame (40) for supporting a net
(6) interposed between the lower cooling means
(13, 15) and the lower heating panel (3).

Device according to claim 3 or 4 characterized in
that the lower panel (3) supports at least the lower
adjustment means (17) and the lower cooling
means (13, 15).

Device according to claim 3 or 4 characterized in
that a second frame (60), fixed to the heating sta-
tion (1) by means of a plurality of linear actuators
(61) supports at least the lower adjustment means
(17) and the lower cooling means (13, 15).

Device according to claim 6 characterized in that
the second frame (60) has a plurality of vertical
racks (66) engaged by related pinion gears (65) in-
terconnected through axis (64, 67) rotatably sup-
ported by the heating station (1).

Device according to claims 4 and 6 characterized
in that a side of the first frame (40) is hinged to the
second frame (60) and the opposite side of the first
frame (40) has locking means (63).

Device according to claim 6 characterized in that
the second frame (60) has internally a wall (68) and
forms with this latter an interspace (69) inside which
there is a piping (70) in which cooling liquid circu-
lates.

Device according to any of the claims from 3 to 9
characterized in that each adjustment means, up-
per (16) and lower (17), include at least a motor (20)
for driving two longitudinal shafts (21) interconnect-
ed by a transversal shaft (22) and engaged by fe-
male elements (23) fixed at the ends of respective
support crosspieces (24) of the cooling means re-
spectively upper (12, 14) and lower (13, 15).

Device according to claim 10 characterized in that
the longitudinal shafts (21) have threaded right-
hand and left-hand portions for the respective fe-
male elements (23).

Device according to claim 8 characterized in that
the longitudinal adjustment members (18) include
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control means (39) for driving the motors (20) and
are connected, by means of signal lines, to measure
means (38), these latter being connected to the lon-
gitudinal shafts (21) for sensing the position of the
cooling means upper (12, 14) and lower (13, 15)
and for transmitting related signals to the control
means (39) which operate the motors (20) to posi-
tion the cooling devices front (14, 15) and back (12,
13) at a predefined reciprocal distance correspond-
ing to the sheet (5) length.

Device according to any of the claims from 3 to 12
characterized in that each cooling mean, upper
(12, 14) or lower (13, 15), includes a central element
(25) and two side elements (26) transversally slid-
ing against the central element (25).

Device according to claim 13 characterized in that
each upper cooling mean (12, 14) includes elastic
means (27) fit to transmit a repulsive force to the
side elements (26).

Device according to claim 13 characterized in that
each opposite end of the side elements (26) of each
upper cooling mean (12, 14) has a rolling mean (28)
matching the clamping means (4).

Device according to claim 13 characterized in that
the side elements (26) of each lower cooling mean
(13, 15) has a respective nut screw mean (29) en-
gaged by a respective threaded portion of a rod (30)
for the width regulation of each lower cooling mean
(13, 15).

Device according to any of claims from 3 to 16 char-
acterized in that the back and lower portions of the
cooling upper means (12, 14) have a chamfered
bevel (31).

Device according to any of claims from 3to 17 char-
acterized in that the surfaces (32) reciprocally fac-
ing of cooling means, upper (12, 14) and lower (13,
15), have inclined portions with respect to a trans-
versal plane.

Device according to any of claims from 7 to 18 and
claim 3 characterized in that each duct (33) in-
cludes channels (37) inside each element, central
(25) and side (26), interconnected by means of flex-
ible pipes (34).

Device according to any of the preceding claims
characterized in that further includes a set of in-
termediate cooling means (36) slidably coupled to
guides (35).

Device according to claim 20 characterized in that
the intermediate cooling means (36) have ducts
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22.

23.

24,

10
(33) for the circulation of a cooling fluid.
Method for cooling portions of a thermoplastic sheet

(5) in a heating station (1) characterized in that
provides:

- to position cooling means (12, 13, 14 ,15)
against the upper and lower surface of the front
and back edges of a sheet (5) to screen only
said surfaces with respect to the heating pan-
els, upper (2) and lower (3);

- to cool said surfaces upper and lower of the
front and back edges of a sheet (5) through cir-
culation of a cooling fluid in ducts (33) of the
cooling means (12, 13, 14, 15);

in order to avoid the softening of said surfaces, up-
per and lower, of the front and back edges of the
thermoplastic sheet (5).

Method according to claim 22 characterized in
that allows the heating panels, upper (2) and lower
(3), irradiating the surfaces adjacent to said front
and back edges of a sheet (5) through cooling
means upper (12, 14) and lower (13, 15) whose sur-
faces (32) reciprocally facing have inclined portions
with respect to a transversal plane.

Method according to claim 22 characterized in
that provides:

- toscreen with respect to the lower panel (3) the
lower surfaces of middle transversal portions of
the sheet (5) through intermediate cooling
means (36);

- to cool said middle portions through circulation
of cooling fluid in ducts (33) of the intermediate
cooling means (36).
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